In both correlational and experimental settings, studies on women's vocal preferences have reported negative relationships between perceived attractiveness and men's vocal pitch, emphasizing the idea of an adaptive preference. However, such consensus on vocal attractiveness has been mostly conducted with native English speakers, but a few evidence suggest that it may be culture-dependent. Moreover, other overlooked acoustic components of vocal quality, such as intonation, perceived breathiness and roughness, may influence vocal attractiveness. In this context, the present study aims to contribute to the literature by investigating vocal attractiveness in an underrepresented language (i.e., French) as well as shedding light on its relationship with understudied acoustic components of vocal quality. More specifically, we investigated the relationships between attractiveness ratings as assessed by female raters and male voice pitch, its variation, the formants' dispersion and position, and the harmonicsto-noise and jitter ratios. Results show that women were significantly more attracted to lower vocal pitch and higher intonation patterns. However, they did not show any directional preferences for all the other acoustic features. We discuss our results in light of the adaptive functions of vocal preferences in a mate choice context.
low-pitched voices (Bruckert, Lienard, Lacroix, Kreutzer, & Leboucher, 2006; Collins, 2000; Feinberg, Jones, Little, Burt, & Perrett, 2005; Hodges-Simeon, Gaulin, & Puts, 2010; Hughes, Farley, & Rhodes, 2010; Jones, Feinberg, DeBruine, Little, & Vukovic, 2010; Pisanski & Rendall, 2011; Vukovic et al., 2008; Xu, Lee, Wu, Liu, & Birkholz, 2013) . Relatively lower formants' dispersion (i.e., Df, the relative distance between two consecutive formants, which is correlated to the vocal tract length) was also found to be more attractive in male voices (Hodges-Simeon et al., 2010; Pisanski & Rendall, 2011) . Although two studies have found nonsignificant relationships (Babel, McGuire, & King, 2014; Feinberg et al., 2005) , the former reported that larger females tended to prefer increased apparent vocal tract size (which positively correlates with a larger body size), while the latter reported that lower first formants' frequencies for the vowels /i/ and /u/ were judged as more attractive; still, both studies suggested that apparent vocal tract size influences vocal attractiveness. Additionally, although it has received little attention compared to the F0 and Df, one study has reported that lower F0-SD (i.e., the evolution of F0 through time, which acoustically correlates to microvariations of intonation patterns in continuous speech) was more attractive in men (Hodges-Simeon et al., 2010) , although two other studies have reported the opposite relationship (Bruckert et al., 2006; Leongómez et al., 2014) .
Under the scope of human sexual selection, three ultimate accounts can be invoked to explain the relationships between females' preferences and men's voices. Firstly, there is intersexual selection, which corresponds to the selection exerted by one sex over another. For instance, lower F0s were found to be positively associated to higher circulating testosterone levels in men (Dabbs & Mallinger, 1999; Evans, Neave, Wakelin, & Hamilton, 2008; Hodges-Simeon, Gurven, & Gaulin, 2015; Jost et al., 2018 ; although see Arnocky, Hodges-Simeon, Ouellette, & Albert, 2018; Bruckert et al., 2006; Puts, Apicella, & Cardenas, 2012) , which is known to act as an immunosuppressant (Foo, Nakagawa, Rhodes, & Simmons, 2017) . As men possessing high testosterone levels should have a better immune system to bear its costs, lower F0s may thus signal health status as a result of possessing "good genes" (Folstad & Karter, 1992) . If so, females may then be attracted to such men as they represent higher genetic quality mates (Arnocky et al., 2018; Hodges-Simeon et al., 2015) . Secondly, there is intrasexual selection, which corresponds to the competition among same-sex individuals. For instance, it has been regularly shown that lower F0s and Dfs were perceptually associated to larger, stronger, more masculine and more socially and physically dominant men (Hodges-Simeon et al., 2010; Pisanski, Fraccaro, Tigue, O'Connor, & Feinberg, 2014a; Puts, Gaulin, & Verdolini, 2006; Puts, Hodges, Cárdenas, & Gaulin, 2007; Rendall, Vokey, & Nemeth, 2007; Sell et al., 2010) , with F0 being recently argued to signal formidability (Puts & Aung, 2019 ; although see Feinberg, Jones, & Armstrong, 2019) . Additionally, lower F0-SD (i.e., monotonous voices) has been hypothesized to be a marker of self-confidence and experience and is also associated to perceived dominance in men (Hodges-Simeon et al., 2010) . In this context, if women are attracted to more dominant and formidable men, then the formers might display a preference for lower F0s and Dfs. Lastly, a sensory bias may explain vocal attractiveness relationships. Humans possess a cognitive bias to associate deeper vocal frequencies to perceptually larger individuals (Pisanski & Rendall, 2011; Rendall et al., 2007; Xu et al., 2013) , although the relationships between vocal pitch and resonant frequencies with height and weight are relatively weak (Pisanski, Fraccaro, Tigue, O'Connor, & Feinberg, 2014b) . Nonetheless, if women actually prefer larger men as mates, then they might also prefer men with perceptually deeper vocal features.
According to the source-filter theory of speech production (Taylor & Reby, 2010) , the underlying mechanisms of phonation in humans rests on the larynx (the source) and the subsequent filtering of vocal signals by the supralaryngeal vocal tract (the filter). The airflow expelled from the lungs and forced out through the glottis causes mechanical oscillations of the vocal folds within the larynx (i.e., Bernoulli's principle). The tension, length, and thickness of vocal folds determine the vocal height, which acoustically correlates to the fundamental frequency (i.e., F0). Namely, the sound waves produced by the vocal folds' oscillations travel through the pharyngeal, the oral, and (possibly) the nasal cavities before being expelled. During this process, the vocal-tract configuration filters the laryngeal flow generated at the glottis by amplifying some frequencies to the detriment of others and, thereby, producing the formant frequencies that lead to the perception of vocal timbre. Moreover, the movements of the articulatory organs involved in speech production such as the tongue, the lips, and the palate modify the shape of the vocal tract, which determine the frequencies associated to the different speech sounds. In humans, both pitch and resonant frequencies display salient sex differences. Indeed, at puberty, males experience a significant influence of androgens, especially testosterone, which entails important consequences on larynx size and vocal folds' thickness and length, which acoustically lower the voice pitch, deepen the resonant frequencies, and reduce their spacing. This proximate mechanism explains why before puberty, boys and girls exhibit similar vocal frequencies, until the former practically do not overlap with those of adults females (Titze, 1989) . Additionally, in the adult life, interindividual variations in vocal features are influenced by age (Linville & Fisher, 1985; Shipp et al., 1992) , circulating androgens level (Abitbol, Abitbol, & Abitbol, 1999; Akcam et al., 2004; Dabbs & Mallinger, 1999) and, possibly, to the exposure of testosterone in utero (Fouquet, Pisanski, Mathevon, & Reby, 2016) .
Fundamental and formant frequencies aside, a few understudied vocal features also seem to contribute to vocal quality such as vocal breathiness and vocal roughness. Firstly, vocal breathiness can be captured by the harmonics-to-noise ratio (HNR), which corresponds to a ratio between periodic components (i.e., the harmonics, which are multiple integer of the F0) and a nonperiodic component (i.e., noise) comprising a segment of voiced speech (Teixeira, Oliveira, & Lopes, 2013) . More specifically, this ratio reflects the efficiency of speech production. The greater the airflow expelled from the lungs into energy of vibration of the vocal folds, the higher the HNR, which is perceptually associated with a more sonorant and harmonic voice. Conversely, a lower HNR is generally associated with a perceptually asthenic, dysphonic, and breathier voice. Secondly, vocal roughness can be captured by the jitter, a measure of the F0 disturbance, which is defined as the parameter capturing the frequency variation at the glottis from cycle to cycle in the sound wave (Hillenbrand, 1988; Rabinov, Kreiman, Gerratt, & Bielamowicz, 1995; Wendahl, 1966) .
More specifically, the jitter measures the regularity of the vocal folds during successive periods of oscillations. The higher the jitter, the "rougher" sounds the voice. Although little is known about their physiological mechanisms, it has been suggested that both acoustic components may be sensitive to hormonal influx as they both relate to the oscillations of the vocal folds, which possess receptors to circulating androgens .
Vocal breathiness has been suggested to be an important component of vocal attractiveness in female voices (Babel et al., 2014; Van Borsel, Janssens, & De Bodt, 2009 ), but significant relationships have been reported in both sexes (Š ebesta et al., 2017; Xu et al., 2013) . Thus, lower HNR profiles (i.e., breathy voices) have been suggested to be more attractive. Additionally, it has been suggested to soften the aggressiveness of males with larger body size (Xu et al., 2013) , which in turn could increase their overall attractiveness toward females. On the other hand, little evidence is actually known on whether vocal roughness (as measured with the jitter) significantly contributes to perceived vocal attractiveness as studies that have directly tackled the topic have led to mixed results (Babel et al., 2014; Hughes, Mogilski, & Harrison, 2014; Hughes, Pastizzo, & Gallup, 2008) .
Interestingly, experimental consensus regarding the F0 strongly suggests that women's vocal preferences are consistent independently of the culture under study. Negative relationships have been mostly reported in English-speaking populations such as Americans (Hodges-Simeon et al., 2010) , Canadians (Feinberg et al., 2005; Pisanski & Rendall, 2011) , British (Jones et al., 2010; Vukovic et al., 2008) , Scottish (Saxton, Debruine, Jones, Little, & Roberts, 2009) , and Australians (Simmons, Peters, & Rhodes, 2011) , but also in Dutch (Collins, 2000) , German (Weiss & Burkhardt, 2010) , Czech (Valentová, Roberts, & Havlíček, 2013) , Latvians (Skrinda et al., 2014) , and in a small sample of French speakers (Bruckert et al., 2006) . Although evidence is scarce, a few findings challenges this view, suggesting that vocal attractiveness may rest on different acoustic cues depending on the culture under study. For instance, one study reported that in a Filipino-speaking group sample, both nulliparous and breastfeeding women showed a preference for feminized (i.e., higher F0) rather than masculinized voice pitch (i.e., lower F0; Shirazi, Puts, & Escasa-Dorne, 2018). In the Hadzas, it has also been reported that women who are breastfeeding prefer men with higher pitch voices as mates, those who are not breastfeeding preferring lower pitch male voices (Apicella & Feinberg, 2009 ). Interestingly, another study found that Namibian men's vocal attractiveness could be predicted by their degree of vocal breathiness (measured through the HNR) and not by their voice pitch (Š ebesta et al., 2017) .
In this context, the aim of this replication study is to investigate culture dependency for vocal attractiveness in an underrepresented language (i.e., French) as well as investigating attractiveness relationships with understudied acoustic features of vocal quality.
Materials and Methods
This study was conducted in Montpellier, France. The French National Commission of Informatics and Liberty approved the experimental designs of the present study (Commission Nationale de l'Informatique et des Libertés (CNIL) number 2-17029). Prior to the study, all participants provided the investigator with their written consent.
Stimuli
An aggregate of 58 male participants (mean age ¼ 23, SD ¼ 3.36), native speakers of French, produced the vocal stimuli. These participants were drawn from another study (Suire, Raymond, & Barkat-Defradas, 2018 ; two of which were not analyzed in that study). They were seated in a quiet, anechoic, soundproof room equipped with a Sennheiser™ BF 515 microphone connected to a PC located in another room. Vocal samples consisted in the recording of a short utterance "Dans la vie, je pense toujours prendre les bonnes decisions et c'est pour cela que je vais gagner" (i.e., "In life, I always think I'll make the right decision and that is why I will win"). To control for intensity, participants were asked to speak at a constant distance of 15 cm from the microphone. All recordings were encoded using the Adobe© Audition CS6 at a sampling rate of 44 kHz-32 bit-mono then saved as .wav files.
Acoustic Analyses
All recordings were analyzed using the Praat© voice analysis software (Version 6.0.31; Boersma & Weenink, 2017) . The mean fundamental frequency (F0) and its variation (F0-SD) were measured using the autocorrelation method with a pitch floor of 75 Hz and a ceiling of 300 Hz (Praat's recommendation), with other settings kept as default. The HNR (dB) and the local jitter (%), which corresponds to the average absolute difference between consecutive periods, divided by the average period, and calculated in percentage, were measured across the entire utterance using the same settings as the F0. The local jitter corresponds to the jitter ratio, which is commonly used to describe vocal perturbations (Jones, Trabold, Plante, Cheetham, & Earis, 2001) . Additionally, intensity (dB) was retrieved using Praat's default settings. Formant frequencies (F 1 -F 4 ) were measured at each glottal pulse, targeting voiced speech only, using a formant ceiling of 5,000 Hz (Praat's recommendation), then averaged across the entire utterance. Then, the formants' dispersion (Df) was calculated using the following formula (Fitch, 1997) :
where Df is the formant dispersion (in Hz), N is the total number of formants measured, and F i is the frequency (in Hz) of formant i. Lastly, we computed the formants' position (Pf) using the method described in Puts, Apicella, and Cardenas (2012) , which has been argued to be sexually more dimorphic than Df. To compute the formants' position, we used female vocal stimuli that were drawn from the same study of the male vocal stimuli (n female ¼ 68, Suire et al., 2018) . Descriptive statistics of the male vocal stimuli for each acoustic feature are reported in Table 1 and their zero-order correlations in Table 2 . Mean F0 was positively correlated with F0-SD (r ¼ .56, p < .001). Df was positively associated to Pf (r ¼ .31, p ¼ .019) and HNR (r ¼ .35, p ¼ .008). Lastly, HNR was negatively correlated with jitter (r ¼ À.57, p < .001). All these correlations are consistent with those reported in the literature (for F0 and F0-SD, see Hodges-Simeon et al., 2010; for Df and Pf, see the open data of Han et al., 2018;  and for jitter and HNR, see de Krom, 1993) , except the correlation between Df and HNR, which to our knowledge was not reported elsewhere.
Experimental Procedure
The experimental procedure was automated on an online computer-interfaced program. Two hundred twenty-four French female raters participated in a perceptual study after they self-reported in a questionnaire their age, origins of parents and grandparents (to control for potential cultural preferences), sexual orientation (to control for sexual preferences), and whether they suffered from a hearing impairment (note that other information were reported but are not used in the present study). After filling out the questionnaire, female raters were presented with a series of 11 choices each including a pair of voices. For each pair, two stimuli were randomly selected from the whole pool of vocal stimuli. The two vocal stimuli were randomized in their position presented in each pair (left or right position) on the computer screen. Judges were asked to choose the most attractive vocal stimulus by clicking on it. Participants were allowed to listen to the stimuli as much as they wanted. However, when the female judge made her choice, she could not go back to the previous one anymore. To measure intrarater reliability, the second and third pairs were the same as the 10th and 11th pairs.
Although a forced choice paradigm is usually implemented with experimentally manipulated vocal stimuli (e.g., Jones et al., 2010; Re, O'Connor, Bennett, & Feinberg, 2012) , there is fundamentally no advantage or disadvantage between a forced-choice paradigm and a correlational rating study for either manipulated or nonmanipulated stimuli. Crucially, it does not yield different results (e.g., for experimental designs, see Jones et al., 2010; Re et al., 2012; Vukovic et al., 2008 ; and for correlational designs, see Feinberg et al., 2005; Hodges-Simeon et al., 2010; Pisanski & Rendall, 2011) .
We stopped collecting data when each voice of the 58 voices was heard at least 40 times in order to obtain statistically relevant data. In the end, the mean number of times a voice has been heard is M + SD ¼ 54.14 + 6.55, with 72 and 42 times, respectively, for the most and least heard voices.
Of the 225 female participants who completed the questionnaire, 137 participants completed all 11 decisions, 28 participants skipped some of the decisions (mean number of skipped decisions ¼ 8.75), for a total of 1,570 decisions in our analyses. Description of the judges' characteristics that completed at least one pair (n ¼ 165, M + SD ¼ 28.95 + 14.16) are given in Table 3 .
Data Analysis
To analyze women's preferences for men's voices, a generalized linear mixed model (GLMM) was used with the response variable being if the female judge chose or not the voice presented to her on the left position. The GLMM was fitted with a binomial error structure since the response variable consisted in a discrete probability distribution of the number of successes in a sequence of several independent trials. In order to explore acoustics' preferences, seven predictor variables were computed and corresponded to the differences observed in mean F0, F0-SD, Df, Pf, HNR, jitter, and intensity between the two vocal stimuli (numerical variables that were standardized). Judges' age (standardized variable), ancestry (i.e., European or non-European grandparents'), and sexual orientation (i.e., heterosexual and nonheterosexual) were added as control variables and put in interaction with the differences in acoustics' characteristics to assess their influence on voice preferences. Judges' identities and the vocal stimuli were added as random effects as intercepts only. A symbolic representation of the GLMM is given in the Supplementary Material. GLMMs with and without the control variables were performed to explore any statistical differences. Moreover, we performed two additional GLMMs, one without individuals with hearing impairment and one without individuals who did not report sexual orientation (these individuals were treated as nonheterosexual in the main GLMM). The significance of each predictor in all GLMMs was assessed from the comparison of the model excluding the predictor with the model including all the other predictors (i.e., likelihood-ratio w 2 tests, analysis of variance type III). Additionally, since some acoustic variables are highly correlated (see Table 2 ), we conducted multicollinearity checks on the GLMMs using the variation inflation factors (VIFs).
All statistical analyses were performed under the R software (Version 3.4.0), using the following packages: "lme4" to build the generalized linear models with random effects (Bates, Mächler, Bolker, & Walker, 2014) , "car" to compute the statistical significance of each predictor and check potential multicollinearity problems for the GLMMs (Fox, Weisberg, & Fox, 2011) , and "MuMIn" to compute the pseudo-R 2 (Bartoń, 2018) . In order to illustrate the results with figures, we used "boot" to transform the coefficients of the GLMMs back into probabilities (Canty & Ripley, 2012) , "dplyr" to compute the predictions of the model (Wickham, François, Henry, & Müller, 2018) , and "ggplot2" for the resulting figures (Wickham, 2009 ).
Results
Descriptive statistics of the mean difference in acoustic features are reported in Table 4 .
We computed THE intra-rater reliability scores by calculating the proportion of identical chosen vocal stimuli between the second and third first pairs with the 10th and 11th pairs. Intrarater reliability was high: M + SD ¼ 0.791 + 0.257, that is, judges considered on average more than two third the same voices as attractive.
Results of the main GLMM are reported in Table 5 . VIFs were all inferior to 4, indicating no problems of multicollinearity. When presented with two voices, women preferred lower F0 (w 2 1 ¼ 24.89, p < .001), higher F0-SD profiles (w 2 1 ¼ 34.00, p < .001), and louder stimuli (w 2 1 ¼ 7.52, p ¼ .006).
For easier understanding of the model's output, the predicted probabilities of considering a voice more attractive than the other within the same pair were plotted against the range of differences in mean F0, F0-SD, and intensity between the two voices ( Figure 1) .
We also computed the predicted probability that a voice would be considered more attractive when it is 1 standard deviation lower and 1 standard deviation higher than the opposite one on the basis of their F0, F0-SD, and intensity ( Figure 2) . A voice with a mean F0 that is 1 standard deviation lower than the other in the same pair has a probability of being picked as more attractive up to *65%; likewise, a voice with a F0-SD which is 1 standard deviation higher has a probability of being picked as more attractive up to *65%.
Additionally, female judges did not show directional preferences for Df, Pf, HNR, or jitter (all p values > .05). Judges' age had a significant influence on their preferences for intensity (w 2 1 ¼ 7.52, p ¼ .006), that is, relatively older women preferred louder vocal profiles. Women with non-European ancestry and nonheterosexual women showed a preference for lower F0-SD profiles (respectively, w 2 1 ¼ 3.97, p ¼ .046; w 2 1 ¼ 5.49, p ¼ .019). The model explained 12% of the variance in vocal preferences, including fixed and random effects. Lastly, the variance of the random intercept for judges was higher than the vocal stimuli (s judges ¼ 0.07, s stimuli ¼ 0.01). The model without ancestry and the one without sexual orientation were not statistically different from the full model (respectively, w 2 7 ¼ 10.42, p ¼ .165; w 2 7 ¼ 9.96, p ¼ .190). Removing age from the model was statistically different from the full model (w 2 7 ¼ 18.74, p ¼ .009). The models without judges with hearing impairment and without judges who did not report sexual orientation did not qualitatively change the results. In all models, the main results remained the same: Female judges still considered voices with lower F0, higher F0-SD, and higher intensity as more attractive. All models without the control variables are given in the Supplementary Material.
Discussion
Women significantly preferred lower vocal pitch in men. This result is consistent with previous findings in English-speaking populations (Feinberg et al., 2005; Hodges-Simeon et al., 2010; Hughes et al., 2010; Jones et al., 2010; Pisanski & Rendall, 2011; Vukovic et al., 2008) and several other languages (Bruckert et al., 2006; Skrinda et al., 2014; Valentová et al., 2013; Weiss & Burkhardt, 2010) . Moreover, this finding has been replicated with a similar or higher number of stimuli and judges than most of these studies (see Hodges-Simeon et al., 2010, for an example of a study with a higher number of stimuli). As vocal height correlates to several biological and social information about men, such as testosterone levels (Dabbs & Mallinger, 1999; Evans et al., 2008; Hodges-Simeon et al., 2015) , sexually related behaviors (Hughes et al., 2004) , body size assessments (Pisanski et al., 2014a) , and signaling social dominance (Puts et al., 2007) and social rankings (Cheng, Tracy, Ho, & Henrich, 2016) , women may rely on this salient acoustic cue as an assessment of sexual partner quality. Several studies have reported that men exhibiting relatively low-pitched voices reported a higher mating success in industrialized societies (Hodges-Simeon, Gaulin, & Puts, 2011; Puts, 2005; Puts et al., 2006 ; although see Suire et al., 2018 ) and a higher reproductive success in a huntergatherer society (Apicella, Feinberg, & Marlowe, 2007;  although see Smith, Olkhov, Puts, & Apicella, 2017) .
Moreover, French women also significantly preferred higher F0-SD profiles in men, that is, more expressive (or less monotonous) voices. Although our study had a higher number of judges and stimuli than the two others that reported the same relationship (Bruckert et al., 2006; Leongómez et al., 2014) , another study had a higher number of stimuli but less judges (Hodges-Simeon et al., 2010) . Nonetheless, while selfconfidence and experience can be expressed through monotonous voices, to which some women may be more attracted to (Hodges-Simeon et al., 2010) , our results do not follow the same tendency. A possible explanation may be that more marked intonation patterns might be perceived as more attractive as it is a marker of perceived state-dependent qualities such as positive emotions (e.g., joy and happiness; Banse & Scherer, 1996) , conversational interest, and emotional activation (i.e., arousal) and intensity (Laukka, Juslin, & Bresin, 2005) . Ultimately, expressive voices could reflect the speaker's current mental-health state since it has been previously reported that clinically depressed patients show typically reduced F0-SD values (Ellgring & Scherer, 1996) . Thus, higher F0 variability may be associated to more enthusiastic and extroverted individuals, to which women may be more attracted. In this sense, our result is consistent with previous findings in both men and women (Bruckert et al., 2006; Leongó mez et al., 2014) . Although it has been suggested to be a cue of femininity, as women display twice as much F0 variation, we suggest that irrespective of sex, higher F0-SD profiles should be perceived as more attractive. No directional preferences were observed for the formants' dispersion and position, which corroborates some previous findings (Babel et al., 2014; Feinberg et al., 2005) , using a higher or similar number of stimuli and a higher number of judges. Several studies have suggested that Df may be a more important vocal cue to assess in human competitive settings. Indeed, it has been reported that lower Df patterns were associated to perceived dominance in men (Puts et al., 2007; Wolff & Puts, 2010) . This can be explained by the fact that lower Df patterns are associated to larger body size and to perceived larger individuals (Bruckert et al., 2006; Collins, 2000; Rendall et al., 2007) . Interestingly, females were also found to be more sensitive to this vocal cue than men after hearing women's voices (Puts, Barndt, Welling, Dawood, & Burriss, 2011) . Such results emphasize the idea that same-sex individuals may use Df to track competitor's masculinity and/ or femininity. Similarly, some research suggest that the formants' position may signal threat potential among men (Puts et al., 2012) , although a recent study found no correlation to physical strength .
Our results also indicated that vocal breathiness and roughness (assessed, respectively, through the HNR and the jitter ratio's) did not significantly contribute to men's vocal attractiveness, using a higher number of stimuli and judges than previous studies (Babel et al., 2014; Hughes et al., 2008 Hughes et al., , 2014 . Although one study reported that breathier voices were found to be more attractive in Namibian men, ours did not (Š ebesta et al., 2017) . Another study found that perceived "breathy" voices were significantly more attractive in both sexes (Xu et al., 2013) , although the underlying acoustic component was not clearly identified in this study. Lack of significant findings for breathiness suggests that it is more associated with feminine vocal quality as previously suggested (Henton & Bladon, 1985; Van Borsel et al., 2009) . It is also possible that when assessing attractiveness, women may be particularly attuned to the vocal features that are indicative of one's heritable mate quality, such as the F0. In this context, breathiness and roughness may not reliably indicate mate or competitor quality for listeners, at least in men. Although they are correlated to other body features (see Pisanski et al., 2016 , for an extensive study on that matter), further studies are needed to understand whether these two acoustic components of the human voice are perceptually salient in influencing vocal attractiveness. Otherwise, it has been suggested that HNR and jitter may be indicative of current hormonal profiles as both parameters relate to the oscillations of the vocal folds, which possess many cellular receptors to androgens .
An important limitation to the current study is that we did not investigate the effects of women's menstrual cycle upon perceived vocal attractiveness. Indeed, there was more variations between females judges than between vocal stimuli (s judges ¼ 0.07, s stimuli ¼ 0.01), suggesting, for example, that the timing of the ovulatory cycle may play a role. In fact, it has been long suggested that menstrual phase and mating contexts may influence women's preferences for masculine vocal attributes (Feinberg et al., 2006; Pisanski et al., 2014c; Puts, 2005) . Under the "good genes ovulatory shift hypothesis," women in their fertile phase are predicted to shift their preferences toward mates indicating high genetic quality (i.e., more masculine men, to which women may be particularly attracted to for a short-term relationship, such as a one-night stand), as opposed to mates indicating high parental investment in their nonfertile phase (i.e., less masculine men, to which women may be particularly attracted to for a long-term, committed, and romantic relationship; Jünger, Kordsmeyer, Gerlach, & Penke, 2018) . These shifting preferences have been suggested to be an adaptive strategy in order to maximize fitness benefits for women.
For instance, Puts (2005) found that females judged lowered pitch voices more attractive than the same voices raised in pitch in their fertile phase of their ovulatory cycle with respect to a short-term context. Similarly, Feinberg et al. (2006) found that women's masculinity preferences for low-pitched voices were stronger during the fertile phase. Although the effect was not Figure 2 . Barplots of the predicted probabilities that a voice would be considered more attractive when it is 1 standard deviation lower and 1 standard deviation higher than the other voice, as a function of its (a) mean F0, (b) F0-SD, and (c) intensity. Bars are associated with 95% confidence intervals. significant, Pisanski et al. (2014c) also reported stronger preferences for masculinized voice pitch. Lastly, one study has reported that women in their fertile phase significantly preferred lowered Df when questioned for both short-and longterm relationships (Hodges-Simeon et al., 2010) . The authors also found that mean F0 and attractiveness was strongest for fertile-phase women rating short-term attractiveness, while F0-SD was more attractive for nonfertile phase female rating short-term attractiveness and fertile females rating long-term attractiveness. However, recent evidence has suggested that women menstrual cycle does not influence their preferences for masculinized bodies and faces Marcinkowska, Galbarczyk, & Jasienska, 2018) . Using a large sample size and a more methodologically grounded procedure, Jünger, Motta-Mena, et al. (2018) found no effect of the cycle phase, conception risk, and steroid hormone levels on women's auditory preferences for men's voices. Further research is thus needed to reliably investigate if the menstrual cycle has a significant effect over shifted preferences. In any case, not controlling for this factor will only provide conservative results, under the hypothesis that the time of the menstrual cycle is randomly distributed among the participating women.
Other limitations include the difference in age between men who provided the vocal stimuli and the female judges. However, in our sample, both the youngest individual who provided the vocal stimuli and the youngest female judge were aged 18, which is largely above the age where mate preferences develop and become relevant (age 13-15, Saxton, Caryl, & Craig Roberts, 2006; Saxton et al., 2009) . Moreover, an interesting perspective for future research would be to investigate possible nonlinear effects of preferences as a function of vocal parameters. Indeed, extreme values for a particular vocal parameter may be perceived as pathological (as it is the case for high values of jitter and low values of HNR; Teixeira et al., 2013) or perceived as immature and/or too feminine (e.g., high F0). To our knowledge, only one study has tackled this topic in women's preferences for men's F0, and it was found that women did not prefer vocal pitches below the *96 Hz threshold. This suggests that preferences may contribute to stabilizing selection pressure for low pitch in men's voices (Re et al., 2012) . Interestingly, in men's preferences for the F0 of women, one study reported a nonlinear relationship with attractiveness ratings starting to decrease when the F0 is higher than *260 Hz (Borkowska & Pawlowski, 2011) , although two studies have reported that there was no upper limit (Feinberg, DeBruine, Jones, & Perrett, 2008; Re et al., 2012 ).
Conclusions
The current study adds to the body of literature on vocal attractiveness in an underrepresented language (i.e., French). Although voice pitch findings were replicated, confirming women's preferences for low-pitched masculine voices, most of the other acoustic features investigated in this study did not yield to significant results, leading us to conclude that variations in resonant frequencies' spacing, breathiness, and roughness do not seem to be important contributors of men's vocal attractiveness, at least in a French-speaking sample. Further studies should explore these relationships in other cultures so as to reaffirm these findings.
